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PREFACE

This series of reports results from a program initiated in 1974 by
the Atomic Energy Commission (AEC) for determination of the condition of
sites formerly utilized by the Manhattan Engineer District (MED) and the
AEC for work involving the handling of radioactive materials. Since the
early 1940's, the control of over 100 sites that were no longer required
for nuclear programs has been returned to private industry or the public
for unrestricted use. A search of MED and AEC records indicated that
for some of these sites, documentation was insufficient to determine
whether or not the decontamination work done at the time nuclear activities
ceased is adequate by current guidelines.

This report contains the results of a survey of the current radio-
logical condition of the Middlesex Municipal Landfill, Middlesex, New Jersey.
Based upon the findings of the survey, there are low levels of radioactivity
at various locations at this site and some type of remedial measures should
be considered to preclude any future concern of inadvertent radiation

exposure to people.

The work reported in this document was conducted by the following members
of the Health and Safety Research Division, Oak Ridge National Laboratory,
Oak Ridge, Tennessee:

R. W. Leggett D. J. Christian D. J. Crawford
W. D. Cottreal F. F. Haywood R. W. Doane
W. A. Goldsmith E. B. Wagner W. H. Shinpaugh
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W. A. Goldsmith D. J. Crawford
D. J. Christian R. W. Doane

W. H. Shinpaugh
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ABSTRACT

A radiologicéi survey was conducted at the Middlesex Municipal
Landfill in Middlesex, New Jersey. 1In 1948, dirt contaminated with
pitchblende ores was brought to this site from a former ore sampling
plant in Middlesex. This survey was conducted in order to characterize
the present radiological condition of the site and to determine the
extent to which contamination is being transported from the site by
natural means such as by drainage. The survey included measurement of
(1) radionuclide concentrations in surface and subsurface soil on the
site; (2) radionuclide concentrations in surface and subsurface water on
the site and in Bound Brook; (3) beta-gamma dose rates and external
gamma radiation levelé on and near the site; and (4) the rate of 222pp
emanation from the soil on the site.

It was found that most of the contamination on the site is in the
top 14 ft of soil; however, there is little contamination of surface
soil on the site. Average radon emanation rates, averége external gamma
radiation levels, and average beta-gamma dose rates on the site do not
appear to be significantly higher than background levels. Furthermore,
radionuclide concentrations in water taken from Bound Brook near the

site were far below guide values stated in federal guidelines.

*Research sponsored by the Division of Environmental Control
Technology, U.S. Department of Energy, under contract W-7405-eng-26
with the Union Carbide Corporation.



SECTION I
1978 RADIOLOGICAL SURVEY OF THE MIDDLESEX MUNICIPAL LANDFILL

INTRODUCTION

At the request of the Department of Energy (DOE), a radiological
urvey was conducted at the Middlesex Municipal Landfill in Middlesex,
lew Jersey. The surveyed area included the outdoor region shown in
‘ig. 1, as well as points located along Bound Brook both upstream and
downstream from this region.

During the 1940s, a poorly drained field on the grounds of the
Middlesex Sampling Plant had been used as an ore storage area. Drums
and ore containers were stored on this open ground. Occasionally,
handling and transfer operations would result in spillage of small
amounts of ore. Consequently, this area became contaminated by small
pieces of pitchblende interspersed with the muddy soil. Recovery of
this small amount of ore was not feasible under the conditions that
existed.

In 1948,'the Atomic Energy Commission (AEC) decided that this
storage area should be paved. The area was graded smooth prior to black
topping. The excess soil from the grading operation was transported to
the Middlesex Municipal Landfill. This soil, contaminated by previous
ore spillage, was dispersed over approximately 5 acres of the landfill
and was used as fill or cover material for sanitary landfill operations.

In 1960, elevated gamma radiation levels were detected on this site
by civil defense monitors during a local civil defense exercise. A
radiological survey of the site was made at that time by the AEC, and it
was found that external gamma radiation levels over an area of approxi-
mately 1/2 acre were 20 to 50 times the background levels found in the
surrounding area. The elevated gamma radiation could be directly
attributed to contamination in the soil transported from the Sampling
Plant. After discussions with Borough of Middlesex officials, the AEC
removed approximately 650 yd® of the contaminated material nearest the
surface and covered the area with about 2 ft of uncontaminated dirt.

This action reportedly lowered the external gamma radiation levels to no



more than 50 uR/hr. The contaminated material was redeposited at an
AEC-owned site in New Brunswick, New Jersey.

In 1963, a parcel of approximately 5 acres of the landfill site
(originally owned by the Borough of Middlesex) was sold to the Middlesex
Presbyterian Church; a church was subéequently constructed on that
parcel. It was determined from discussions with local people that both
the church and the Middlesex Municipal Building were constructed on
"nonfill" or solid ground. This fact was confirmed during a survey of
the landfill by the AEC in 1974 (results of this 1974 survey are pre-
sented in Section.ﬁl of this report). The landfill site is surrounded
by residences which approach to within 1/4 mile to the south and west
and to the edge of Bound Brook on the eastern and northern edges.
Results of the 1974 AEC survey indicate that contamination remaining on
the property was in an area (See Fig. 1) of approximately 3 acres
centered 400 ft northeast of the church.

The present radiological survey was conducted during June, 1978, by
members of the Health and Safety Research Division of the Oak Ridge
National Laboratory (ORNL). The survey was designed to provide addi-
tional datalﬁeeded to supplement the 1974 survey and to provide a basis
for comparison between site conditions in 1974 and the present. The
survey included the following measurements: (1) beta-gamma dose rates
at 1 cm from the surface and external gamma radiation levels at the
surface and at 1 m above the surface throughout the site;, (2) concen-
trations of 22®Ra and 2%%U in surface and subsurface soil on the site;
(3) concentrations of 22°Ra, 2%®U, 23°Th, and *'°Pb in surface and
groundwater on the site and in Bound Brogk; (4) gamma radiation levels
at various depths in auger holes drilled on the site as a means of
estimating the 226pa concentrations at these locations; and (5) rate of

emanation of %2?Rn from the ground surface.



SURVEY METHODS

Instrumentation

Measurement of Beta-Gamma Dose Rates and External Gamma-Radiation
Levels

Beta-gamma dose rates were measured with Geiger-Mueller (G-M)
survey meters described in Appendix I. The meters were calibrated at
ORNL using sealed isotopic sources and by comparison with a Victoreen
Model 440 portable.ionization chamber. It was determined that, for
surfaces contaminated with ?2®Ra in approximate equilibrium with 23%y
and other radionuclides in the 238U chain, an open-window reading of
2000 cpm is equivalent to approximately 1 mrad/hr.

Beta radiation cannot penetrate the closed window on the G-M probe;
hence, only gamma radiation levels can be measured with the window
closed. A significant difference in the open-window.and closed-window
readings on the G-M survey meter at some point indicates the presence of
beta-emitting surface contamination, since most beta particles can
penetrate only a few millimeters of dense materials such as soil.

External gamma radiation levels were measured with closed-window
G-M survey meters, with the Nal scintillation meters described in
Appendix I, and with the Phil gamma-ray dosimeter.®' The scintillation
detectors were standardized daily on the site through the use of sealed
isotopic sources. The observed meter responses were standardized by
comparison with the closed-window G-M survey meters at gamma radiation
levels high enough that the rate meters on the instruments could be read

accurately.

Methods Used to Analyze Samples

Samples of soil collected on the site were packed in plastic bags
and returned to ORNL, where they were dried for 24 hr at 110°C and then
pulverized to a particle size no greater than 500 um diam (35 mesh).
Next, aliquots from each sample were transferred to plastic bottles,
weighed, and counted using a Ge(Li) detection system to obtain the 22°Ra

concentration., This system is coupled with a multichannel analyzer,



which sorts pulses corresponding to different gamma-ray energies. The
226Ra concentration is obtained through the use of a computer program
which integrates under photon peaks corresponding to 352, 609, 1120, and
1764 keV; these are gamma-ray energies associated with daughters of

226p,
na

about 30 days after grinding to allow equilibration of radon with 226Ra,
These estimates of *2°Ra concentrations are presented in this report. A
description of the Ge(Li) detector and soil counting techniques is given
in Appendix II. _

A measurement o% the 23®U concentration in each sample was obtained
by neutron absorption analysis techniques.2

Water and sediment samples collected on and near the site were
analyzed by the Analytical Chemistry Division of ORNL for 2!°Pb, 22FRa,
and 2%%Th, using techniques described in Appendices to the ORNL Master
Manual. The samples were analyzed for 238 using the neutron absorption
techniques previously mentioned.? The activity reported for each radio-
nuclide (except 238y) in the water sediment samples represents only that
percentage of the activity (normally between 50 and 100%) available by
hot HNO, leacﬁing.

All direct survey meter readings reported in this document represent
gross readings; background radiation levels have not been subtracted.
Similarly, background levels have not been subtracted from radionuclide

concentrations measured in environmental samples.

Survey Procedures

An area considered large enough to encompass all of the radioactive
material on the site was divided into 100 ft x 100 ft "survey blocks' by
the rectangular grid system shown in Fig. 1. Next, the area was sub-
divided into 50 ft x 50 ft survey blocks by dividing each 100 ft x 100 ft
survey block in this area into four equal parts. At each grid point
(i.e., at the intersection of mutually perpendicular grid lines) open-
and closed-window G-M survey meter readings were taken at 1 cm from the
surface, and a gamma scintillation survey meter reading was taken at 1 m

above the surface. Then, each survey block in the area of suspected



contamination was scanned with a gamma scintillation survey meter held
near the surface. The maximum observed gamma radiation level in the
block was recorded; and at the maximum gamma point, open- and closed-
window G-M measurements were taken at 1 cm from the surface.

Holes were drilled with a motorized rig equipped with an 8-in.-diam
auger, usually to depths of 10 to 20 ft., at the locations shown in
Fig. 2. ' (Holes 1 through 9 were drilled and tested by ORNL in
February, 1978, in conjunction with an engineering assessment of the
site made by Ford, Bacon and Davis Utah.) A plastic pipe with a 4-in.
inside diam was placed in each hole, and a Nal scintillation probe was
lowered inside the pipe. The probe was encased in a lead shield with a
narrow collimating slot on the side. This arrangement allowed measure-
ments of gamma radiation intensities resulting from contamination within
small fractions of the hole depth. Measurements were usually made at
6-in. or 1-ft intervals. This "logging' of the core holes was done in
order to define the profile of radioactivity underground and as a first
step in determining the extent of subsurface contamination at each
location. Moreover, the loggings were used to estimate the ??®Ra con-
centration-in contaminated regions. The procedure used for these
estimates is described in Appendix III. For each hole showing elevated
gamma levels, a sample of the potentially contaminated material brought
up by the auger was collected for analysis of 2?®Ra and 23°%U.

The results of auger hole loggings were used to select locations
where further soil sampling would be useful. At points as close as
practical to selected auger holes, a split-spoon sampler was used to
collect soil at intervals of 6 in. throughout the contaminated zone.
The concentrations of *2®Ra and 2%%U were determined for these samples.

Surface samples were collected at the locations shown in Fig. 3.
Most of the surface sampling locations (as well as the drilling loca=
tions) were chosen to provide random and representative sampling.
However, those locations labeled "B" in Fig. 3 are 'biased" in that they
were chosen for sampling because of high radiation levels at these
points.

Water samples were taken from each auger hole in which water was

found. 1In addition, water samples were taken from Bound Brook at the




locations described in Table 1. Most samples were analyzed for %2°Ra,
238y, 23°Th, and 2'°Pb.

Measurement of the Flux of 222Rn

Since activated charcoal readily adsorbs 222Rn, an estimate of the
radon flux from ground surfaces was obtained by placing canisters con-
taining charcoal in direct contact with the ground (see Ref. 3). After
a period of expoSure which ranged from 1 to 2 days, the canisters were
removed, and the ¥adon daughters were allowed to achieve equilibrium.
The amount of radon adsorbed on the activated charcoal canister was
determined by counting the gamma emissions from ?!*Pb and ?!*Bi using a
3 x 3-in. Nal scintillation detector coupled to a multichannel pulse
height analyzer.

The canisters were distributed uniformly over the site. These
modified U.S. Army M-11 gas mask canisters were twisted into the soil to
a depth of 1 cm and sealed with additional soil. A total of 41 canisters
was used (see Fig. 4). These individual readings were then used to

estimate the average rate of emanation of 222pn over the entire site.
SURVEY RESULTS

Background Measurements

Background external gamma radiation levels at 1 m above the ground
in the Middlesex vicinity range from 5 to 10 pR/hr; the average rate is
8 uR/hr. Concentrations of *?®Ra and ?3®U in background soil in the
Middlesex area are typically near 1 pCi/g. Background beta-gamma dose
rates, as measured with the G-M survey meters used on the site, average

approximately 0.01 or 0.02 mrad/hr.

Measurement of Beta-Gamma Dose Rates and
External Gamma Radiation Levels
Grid point measurements of gamma radiation levels at 1 m are shown
in Fig. 5. The value shown in each 100 x 100-ft survey block is the

average of nine measurements taken at points uniformly spaced over the



block. This same reporting scheme is used in Fig. 6, which shows the
average measurements of the beta-gamma dose rate at 1 cm from the
ground. It appears from these results that the area designated by the
1974 AEC survey as containing the bulk of the contamination did not .
display average radiation exposures which are significantly higher than
the rest of the landfill site. However, there are isolated spots in
thig area which do show elevated levels of radiation exposure. The
results of a scan of the area thought to be contaminated are shown in
Fig. 7. Highly elevated readings were obtained in only three of the

50 ft x 50 ft survey‘blocks. The highest readings (1.1 mR/hr gamma ray
only and 7.3 mrad/hr beta plus gamma ray) were taken directly on the
surface and were associated with a small rock which was subsequently
removed from the soil and returned to ORNL for analysis. Removal of
this rock resulted in only a slight reduction in the gamma-ray exposure
rate at the surface,

It should be emphasized that this radiation profile reflects only
average external gamma radiation levels at 1 m and should not be inter-
preted as showing point-by-point radiation levels. It should also be
pointed out that since the highest background external gamma radiation
level measured in the vicinity of the site was 10 uR/hr, all measurements
of 10 yR/hr and below should not be used to indicate contamination. As
may be noted from Fig. 5, all survey blocks had average gamma radiation
levels less than 10 yR/hr. Thus, the data indicate that the site has an
average external gamma exposure rate which cannot be distinguished from
the background level.

Only one area had external gamma radiation levels which exceeded
the limits of background. This area of approximately 500 ftz, located
near grid point 4+0, 200R, shows an average external gamma exposure
level at 1 m of 30 uR/hr.

According to Nuclear Regulatory Commission (NRC) guidelines given
in Appendix IV for the release of property for unrestricted use, average
and maximum beta-gamma dose rates measured at 1 cm should not exceed
0.2 mrad/hr and 1.0 mrad/hr, respectively. Only one reading on the
site, in the general area of the maximum external gamma area mentioned

above, exceeded this NRC limit. This elevated beta-gamma reading was



associated with the previously mentioned rock which was removed for

analysis. All other beta-gamma readings obtained on site were below NRC
guidelines.

Results of Surface Soil Sample Analyses

Surface soil samples were collected at various points throughout
the site. As discussed earlier, most sampling locations were chosen
according to a scheme devised to provide random, unbiased sampling.
Those samples which were taken at spots chosen because of high radiation
levels are "biased" and are labeled with a "B" in Table 2. Concentra-
tions of 22%Ra and 2%®U in random surface samples are also listed in
Table 2. Radium-226 concentrations in these random samples ranged up to
1.8 pCi/g, and ?3%U concentrations ranged up to 2.3 pCi/g. The average
concentration of *2®Ra and 238U for all random surface samples was less
than 1.0 pCi/g and 1.22 pCi/g, respectively. These values may be con-
sidered to be '"background.'" The biased sample taken at location B2
(Fig. 3) showed a 226pa concentration of 150 pCi/g; this location
coincided with the maximum observed gamma and beta-gamma radiation
levels mentiGned above. A small rock taken at location B4B (Fig. 3) a

few inches beneath the surface showed a ??®U concentration of 1100 pCi/g.

Results of Subsurface Soil Sample Analyses

Holes were augered to depths of up to 25 ft at the locations shown
in Fig. 2. At most of these locations, the material brought up by the
auger was probed with an open-window G-M survey meter, and a sample of
material showing elevated readings (or a sample taken at random, if no
elevated readings were observed) was taken for analysis of 225pa and
238, The concentrations of these radionuclides in the 'grab" samples
are shown in Table 3.

At locations 12, 17, and 29, holes were ''cored" rather than "augered."
That is, a split-spoon sampler was used to collect subsurface samples at
known depths. Concentrations of 226Ra and 238U in these core samples
are shown in Table 3, along with results for "composite' samples (those

for which the depth was not determined). It was impossible to take
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samples at certain depths due to the presence of buried tires, rags, and
other rubbish.

Each of the auger holes and core holes was logged with a gamma
scintillation probe as described in the:section "Survey Methods." By
comparison of the subsurface gamma radiation levels and the 2%®Ra con-
centrations at the core hole locations, a procedure for estimating *2°Ra
concentrations in subsurface soil from auger hole '"loggings' was developed
(see Appendix III). Estimates concerning the extent of the contaminated
soil, as determined by the auger hole logging, are given in Table 4.

The general regibn in which the bulk of the subsurface contamination
was found agrees with the region designated by the AEC report as con-
taining the bulk of the contamination. This region is indicated in
Fig. 8, along with a larger region where there is some scattered subsurface
contamination or low-level contamination possibly due to leaching of
radioactive materials. While the contaminated material appears to be
very nonuniformly distributed, some generalizations concerning the

extent of the contaminated material are indicated in Fig. 9.

Results of Radon Emanation Study

The rate of emanation of °22Rn was measured by the technique
described in the section "Survey Methods." Canister locations and
results of radon emanation measurements are indicated in Fig. 4. It may
be seen from these results that the average rate of emanation for the
landfill site is approximately 0.23 pCi/m2 per sec. The highest values
were located in the area that has been designated in previous sections
as containing the bulk of the contamination. In addition, some higher-
than-average readings were obtained near the banks of the former path of
Bound Brook. The rate at which 222Rn emanates from soils containing
background concentrations of ?2%5Ra has been measured by other investi-
gators, and these values may be compared with the average rate found
here. Wilkening* found *??Rn emanation rates which averaged 0.42 pCi/m?
per sec. Furthermore, background radon flux measurements previously
taken in the Middlesex area’ averaged 0.45 pCi/m? per sec. Thus, radon
emanation from the landfill is less than the average rate found at

background locations in the Middlesex area.
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Radon and Radon Daughters

The results of the radon emanation studies at this site were used
to estimate the probable maximum concentration of radon and radon
daughters in air on the site. It is estimated that the maximum 222pn
concentration at the site is less than 0.01 pCi/liter above the back-
ground concentration in the Middlesex area. This estimate employs an

empirical relation developed by Schiager® and assumes conservative

meteorological conditions. Furthermore, the radon concentration measured’

on the roof of the Middlesex Municipal Building averaged 0.04 pCi/liter.
The average‘concenfration measured at two other Middlesex locations
which could be considered as background was 0.06 pCi/liter.7 It may be
stated that the concentration of 222Rn resulting from contamination at
the site is indistinguishable from background.

The concentration of short-lived 222Rn daughters is estimated to be
less than 0.0001 working level.* The average radon daughter concen-
tration measured in the parking lot of the Middlesex Municipal Building’
was less than 0.001 working level. This may be compared with the
average radon daughter concentration in the Middlesex area, which is

typically 0.002 working level.®

Results of Water Sample Analyses

Concentrations of 2'°Pb, 23°Th, 22fRa, and 2%®U in water samples

taken from streams near the site that receive water from the site

(directly or indirectly) are given in Table 1. In all cases, concen-

trations of these radionuclides were well below the concentration guides
for water (RCGW) stated in 10 CFR 20, Appendix B.®? These radionuclide
concentrations appear to be reasonably typical of background values.
Samples of groundwater which was encountered in drilling were taken
from 11 holes. The results of analyses are found in Table 5. It may be
noted that no sample had 226Ra or 2%%y concentrations which exceeded the

concentration guides of 10 CFR 20.% The low concentrations of these

"*A working level is defined as any combination of short-lived radon
daughters in 1 liter of air that will result in the ultimate emission of
1.3 x 10° MeV of alpha particle energy.
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radionuclides indicate that leaching into groundwater and subsequent

migration may not be very extensive at this site.
SUMMARY

In 1948, dirt contaminated with pitchblende ore was dumped on this
site. A combination of analysis of subsurface soil samples and gamma
scintillation probe '"loggings' of .18 holes augered on this site to
depths of 25 ft reveal the general location of the bulk of this contami-
nation (see Figs. 8 and 9). Most of the contamination is in the top
14 ft of soil in an area covering 400 x 300 ft in the center of the
site. There is little contamination in the surface soil. Average radon
emanation rates, average external gamma radiation levels, and average

- beta-gamma dose rates do not appear to be significantly different from
background levels. There may be some leaching of subsurface contaminants
toward Bound Brook (see Fig. 8 and 9). However, available data indicate
that the amount of leached material is very small at present. Furthermore,
the spread of scattered activity into these areas may be attributable to
previous landfill-operations. Concentrations of 210pp, 230Th, 226Ra,
and 2%% in water samples taken from Bound Brook near the site were far
below guide values stated in 10 CFR 20, Appendix B, and were within the
normal range of background concentrations.

An evaluation has been made of current radiation exposures at the
Middlesex Municipal Landfill and is presented in Appendix V (page 67) of
this report. The purpose of this evaluation is to present .information
which will permit the reader to compare current radiation exposures from
the site to normal background exposures for that part of New Jersey, as
well as to scientifically based guideline values established for the

protection of radiation workers and members of the general public.
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Table 1. Concentrations of 2!°pb, 23°Th, 22%Ra, and 2*%U (pCi/ml)
in water samples from streams receiving water from site
Sample Location 210py 230Th 22¢6pa 238y
designation N
MOW20 Ambrose Brook at <0.005 <0.0005 <0.0005 Backgrounda
Raritan Avenue
MOW21 Bound Brook at <0.003 <0.0005 <0.0005 0.002
Union Avenue
MOW22 Bound Brook at <0.004 <0.0005 <0.0005 0.002
Bound Brook Road
MOW23 Bound Brook 450 ft <0.003 <0.001 <0.0005 0.004
downstream from grid
line 0+0 (Fig. 1)
MOW24 Bound Brook at grid <0.004 <0.001 <0.0005 0.017
line -1+0 (Fig. 1)
MOW25 " Bound Brook at grid <0.003 <0.0005 <0.0005 Background
line 1+0 (Fig. 1)
MOW26 Bound Brook at grid <0.003 <0.0005 <0.0005 0.0003
line 3+0 (Fig. 1)
MOW27 Bound Brook at grid <0.003 <0.0005 <0.0005 Background
line 5+0 (Fig. 1)
MOw28 Bound Brook at grid <0.004 <0.0005 <0.0005 0.0005
line 7+0 (Fig. 1)
MOW29 Bound Brook at South  <0.004 <0.0005 <0.0005 0.003
Lincoln Avenue
RCGw (soluble)b 0.1 2 0.03 40
a”Background” is less than 0.02 ppm.

blO CFR 20, Appendix B.
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Concentrations of 22°Ra and 238U (pCi/g)

in surface soil samples

Table 2.

Sample location
shown in Fig. 3

238U

226Ra

142221969631145709366798139073796270853732640
11110101001110111010000112010100010100101100l

920928779614837095049674825669574077649885667
011000000011000100100001010000000100000000000

29
30
31
32
33
34
35
37
39
40
41
43
44
45
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Table 2 (cont.). Concentrations of 22°Ra and ?*°U (pCi/g)

in surface soil samples

Sample location

226 238
shown in Fig. 3 Ra v
46 0.7 1.1
47 0.5 . 0.8
48 0.8 2.0
B1 0.6 1.0
B2 150 93
B3 1.1 1.6
B4A 3.6 1.0
B2B% - 1100

%This sample was actually a small rock taken a few
inches beneath the surface; not enough sample was present

for 22%%Ra determination.
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